Abstract-Goals of parking lot management system include counting the number of parked vehicles, monitoring the changes of the parked vehicles over the time, and identifying the stalls available. To decrease the cost of the production, an integrated vision-based system is a good choice. In this paper, we propose a vision-based parking management system to manage an outdoor parking lot by four cameras set up at loft of buildings around it, sending information, including real-time display, to database of ITS center via internet. This system enables drivers to find parking spaces available or monitoring the parking lot where they parked their cars easily by wireless communication device. To increase accuracy, in the beginning, color manage is done to all input images, maintaining color consistency. Then, an adaptive parking lot background model is generated. The adequate color of each parking space is found out using statistical method in color image sequences captured by a camera, and foreground is extracted based on color information. The result will be further modified by shadow detection based on luminance analysis. Vision-based parking management system can manage large area by just several cameras. Adjusting position of the camera can easily make this system suitable for most cases. Besides, this system is endurable and is easy-installed because of its simple equipment.
I. INTRODUCTION
jarking lots are an important object class in many traffic and lcivilian applications. In the beginning, a parking lot management system just means a charge system which can count the number ofparked cars and their elapsed time by paper cards. However, nowadays, an intelligent parking lot management system, would not simply manage the internal operation ofa parking facility, but also should be designed to be compatible with a wide range of aspects that are intertwined with parking facilities. Undoubtedly, an intelligent parking lot management system plays an essential role in ITS (Intelligent Transportation Systems).
For internal operation, a complete parking lot management system must possess the functions of management, surveillance, Besides, nowadays, a surveillance system is quite common on the wayside or in the parking lot. If we have an algorithm to obtain more information such as the number and position of the unoccupied parking space from the camera in a simple way, it will help drivers to reduce the time of finding the parking lot 1-4244-01 00-3/06/$20.00 C2006 IEEE CCD camera may be affected due to different weather condition, thus the whole image looks somewhat bluish or reddish. In order to prevent color from shifting and make the system robust, the system have to do automatic white balancing to each incoming image. When implementing color balancing algorithm, certain assumptions are sometimes made about the general nature of the color components of images. There are a variety of white balancing algorithms. However, "gray world assumption" is used in this paper because of its simplicity. What gray world assumption states is that, given an image with sufficient amount of color variations, the average value of the red, green, and blue components of the image should average out to a common gray value. This assumption is in general valid since in any given real world scene, it is often the case where lots of different color variations are given. Since the variations in color are random and independent, it would be safe to say that given a large enough amount of samples, the average should tend to converge to the mean value, which is gray. The adjusted channel gains R', G', and B' can be obtained from
where the subscript avg represents average value. The result of using the gray world assumption is shown in Fig. 3(b) . and to avoid the jams due to the driver's lowering speed and the meaningless search. In this paper, we propose a vision-based method to deal with the parking lot management problem. In Sec. II, to maintain color stability, gray world assumption is preprocessed. Then, a method based on color can generate an adaptive background image and extract foreground image. At least, a shadow detection method will modify the foreground image and determine whether the stall is available. Fig. 1 shows the general architecture of the proposed vision-based parking lot management system.
II. ALGORITHM A. Color consistency
Since our system is processing based on color information, it is necessary that a preprocessing procedure is needed to maintain color stability. However, images acquired from the (a) 
B. Background generation
In this section, an adaptive background will be generated for each parking space. Vehicles are considered as foreground and do foreground extraction to calculate the possibility of being occupied of each parking space. First, when a camera is set up, we will generate a parking lot model according to the image captured by the camera. In other words, because the position and the angle of the camera are fixed, we can define every parking space in advance. Fig. 3 shows the parking lot model. (2) . and the background image is shown in Fig. 4(b) . The system can renew it at regular intervals. Then, in this image, deducing the color of each unoccupied parking space can be efficiently by using information of the predefined road area Sk (x, y) which is near every parking space. Thus, we can get background image by coloring fitting colors to each parking space in the input image. (4) is shown in Fig. 4 
C. Foreground extraction
After generating the background image of every parking space, the vehicles in a color image can be defined when the RGB values of background pixels significantly differ. So, the foreground image can be extracted by following equation The value of (7kR I 0kG' kB) will be obtained by (4) 
where I is the input image and M is the background image. R , G and B are the color components red, green and blue respectively of the pixel. The meaning of mk and Sk are mean value and standard deviation of each road area Sk, which is the predefined road area, and the meaning of NSk is total pixel number in Sk The result of using (5) to the input image is shown in Fig. 5 . In fact, most of the road is near the color of dark gray. Although it is usually changing, it is still in a certain range. For RGB color model, a pixel is said to be gray with the property:
V -Vg-Vb, so a pixel can be defined as a foreground pixel if one of its R,G, and B pixel values differs significantly.
the reflectance and irradiance of the objects. Thus, the stronger the sunlight (or the more the mean intensity f is), the The meaning of (7) is to find out whether the deviation of each pixel comes form shadow and remove them, and it is changeable because of the parameter f. 
I D. Shadow detection and deduction
In this section, the error from shadow will be deducted from the foreground image using chrominance information. After using foreground extraction, there would be some error which comes from the shadow of trees beside the parking space. The error comes from failing to distinguish between cars themselves and shadow. Nevertheless, drivers like to park their car in the shadow of trees because it is cooler. The shadow will make the color ofparking space changeable, and it will increase the ratio of error. In fact, because it is just caused by the quantity of sunlight, most ofpixel values are still within a range. When is shadowed, the degree of decrease of each RGB color space is in proportation. In other words, objects points, like cars, typically have an inter-frame difference greater than a threshold and it is not unusual that the ratio between shadows and reference image. Therefore, the foreground image extracted by (5) should be further modified by [ 
Il,otemise (7) where f is intensity (gray scale ) value, the same as (4 Using RGB information increases the accuracy of the system. Using (7) doesn't define whether it is under shadow clearly. However, it is useful to distinguish the deviation from shadow and from cars themselves. Because that kind of deviation is just caused by illumination, most of the input images and their background images are still in a range of the similar chrominance. For each parking space, we can determine whether the stalls are available by The value of p will be obtained by P = N NB, (10) where NB is the total number of pixels which are in the parking space Bk, NP, is the total number of pixels whose value equals to 1 in Bk, and Rk is the final decision of each parking space. Parking space Bk is classified as an occupied space if p is sufficient large, in which case, Rk is set to 1. Otherwise, it is classified as a space available and Rk is set to 0. The choice of the parameter rp is less straight forward and, for now, is done empirically.
